REVERSE SECTORIZATION WIRELESS COMMUNICATION 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application 
No. 60/152,730 filed September 8, 1999, titled "Cellularized Packetized Voice and 
Data, " the specification of which is expressly incorporated herein by reference in its 
entirety. This application claims the benefit of a U.S. Provisional Application No. 
60/185,788 filed February 29, 2000, titled "High Speed Distributed Wireless 
Communication," the specification of which is expressly incorporated herein by 
reference in its entirety. 

TECHNICAL FIELD 

The present invention relates to wireless communication systems and 
the interface between wireless subscriber equipment and communication system 
access antennas. 

BACKGROUND ART 

Wireless systems, such as PCS and cellular systems, typically include 
a centralized mobile switching center (MSC) responsible for call routing, user 
location tracking, billing information, and connectivity with other communication 
systems. The MSC is connected to base station controllers (BSCs), each of which 
supports one or more base transceiver stations (BTSs). Each BTS supports one or 
more cells or cell sectors based on the number and configuration of antennas 
supported by the BTS. A customer communicates with the wireless system through 
a wireless unit, such as a radio telephone, when the telephone is within the coverage 
range of a cell. When a call is placed, a circuit-switched connection is established 
from the telephone, through the BTS and BSC, to the MSC. The MSC determines 
the destination and, if the destination is to another telephone within the wireless 
system, establishes a circuit-switched connection to the destination telephone. If the 
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destination is outside of the wireless system, the MSG routes the call to a service 
provider for the outside destination, 

A key component in any wireless communication system is the antenna 
forming the edge contact between wireless subscribers and the remaining system. 
5 Typically, each antenna is designed to provide sectored or directional coverage over 
a portion of the region around the BTS. Each subscriber transceiver, such as a radio 
telephone, has an omnidirectional antenna. When the radio telephone is within the 
sector established by a BTS directional antenna, a wireless link is established 
between the directional BTS antenna and the omnidirectional radio telephone 
10 antenna. Downlink information is transmitted from the directional antenna into the 
sector and is received by the radio telephone. Uplink information is transmitted in 
a uniform coverage area around the radio telephone and is received by the BTS 
directional antenna. 

There are several problems associated with the conventional wireless 
15 scheme of using directional access antennas and omnidirectional telephone antennas. 
First, onmidirectional antennas are often within the overlapping coverage area of 
multiple sectors. Second, the omnidirectional broadcasts from telephones may 
interfere with transmissions to and from nearby telephones. Third, telephones have 
no control over which directional antenna establishes the communication link. What 
20 is needed is to provide an improved interface between wireless subscriber units such 
as radio telephones and the point at which these units connect to a wireless 
communication system. 



DISCLOSURE OF INVENTION 



The present invention provides an improved wireless communication 
25 system through reverse sectorization. In particular, subscriber units exhibit 
directionality and wireless system access points exhibit uniform coverage. 

In accordance with the present invention, a wireless communication 
system is provided. The system includes a plurality of access points. Each access 
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point has at least one omnidirectional antenna forming a substantially uniform 
coverage area around the access point. The system also includes a plurality of 
subscriber units. Each subscriber unit has at least one directional antenna forming 
a directional coverage area. Subscriber units communicate with a particular access 
5 point through transmissions between the subscriber unit directional antenna and the 
omnidirectional antenna for the particular access point. The directional antenna may 
include a plurality of antenna patches or other antenna elements with the subscriber 
unit selecting at least one antenna patch as the directional antenna. The directional 
antenna may also be positioned to optimize transmissions between the subscriber unit 
10 and the particular access point. 

In an embodiment of the present invention, the communication system 
f includes a routing network interconnecting the access points. The routing network 

ll may be implemented as a distributed network of distribution points. A distribution 

:i point may be located with an access point. Alternatively, an access point may be in 

I J 15 wireless communication with the routing network through a backhaul antenna. 

In another embodiment of the present invention, the subscriber unit 
2 is a terminal network controller having at least one interface. Each interface 

i provides access to the wireless communication system for communication devices 

1 such as computers, computer networks, personal digital assistants, handsets, Internet 

' 20 appliances, entertainment devices, and the like. The terminal network controller may 

include a routing switch routing information packets to and from the interfaces. 

In yet another embodiment of the present invention, the wireless 
communication system also includes access points having at least one directional 
antenna forming a coverage sector around a portion of the access point. Subscriber 
25 units with at least one omnidirectional antenna communicate with these access points. 
Hence, the wireless communication system implements both sectorization and reverse 
sector ization. At least one access point has both an omnidirectional antenna and a 
directional antenna. Transmissions from onmidirectional access antennas may be at 
a frequency different than transmission from directional access antennas. 
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A method of wireless communication is also provided. Downlink 
information is transmitted in a substantially uniform coverage area around each 
access point. The downlink information is received at a subscriber unit which 
transmits uplink information in a focused coverage area from the subscriber unit. 
The uplink information is received at one of the access points. 

The above objects and features as well as other objects, features, and 
advantages of the present invention are readily apparent from the following detailed 
description of the best mode for carrying out the invention when taken in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGURE 1 is a schematic drawing illustrating a portion of a 
communication system according to an embodiment of the present invention; 

FIGURE 2 is a block diagram of a distribution point according to an 
embodiment of the present invention; 

FIGURE 3 is a schematic drawing illustrating an implementation of 
a communication system according to an embodiment of the present invention; 

FIGURE 4 is a schematic drawing illustrating an initial state for a 
communication system according to an embodiment of the present invention; 

FIGURE 5 is a schematic drawing illustrating the addition of a second 
access point to the communication system of Figure 4 according to an embodiment 
of the present invention; 

FIGURE 6 is a schematic drawing illustrating a hierarchical routing 
system using ATM/IP switches according to an embodiment of the present invention; 
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FIGURE 7 is a schematic drawing illustrating a network of 
distribution points routing packets based on forward equivalency classes; and 

FIGURE 8 is a schematic drawing illustrating forward equivalency * 
class updating to track a moving subscriber unit; 

5 FIGURE 9 is an elevation view drawing of a pole mounted antenna 

system powered according to an embodiment of the present invention; 



FIGURE 10 is a schematic drawing of a street light control system 
with a power adapter according to an embodiment of the present invention; 

C;5 FIGURE 11 is an elevation view drawing of an antenna system 

It 10 according to an embodiment of the present invention; 

?ij FIGURE 12 is a plan view drawing of an antenna system having a 

7=7 single backhaul antenna according to an embodiment of the present invention; 

S 

FIGURE 13 is a plan view drawing of an antenna system having two 
Cj backhaul antennas according to an embodiment of the present invention; 

tl 15 FIGURE 14 is a schematic drawing illustrating a prior art sectorized 

communication system; 



FIGURE 15 is a schematic drawing illustrating reverse sectorization 
according to an embodiment of the present invention; 

FIGURE 16 is a block diagram of a terminal network controller 
20 according to an embodiment of the present invention; 

FIGURE 17 is a conceptualized drawing of a terminal network 
controller with integral antenna elements according to an embodiment of the present 
invention; 
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FIGURE 18 is a block diagram of a system for determining a terminal 
network controller directional antenna according to an embodiment of the present 
invention; 

FIGURE 19 is a conceptual drawing of a terminal network controller 
5 having separate antenna and interface housings according to an embodiment of the 
present invention; 

FIGURE 20 is a conceptualized drawing of patch antennas constructed 
on a flexible printed circuit according to an embodiment of the present invention; 

FIGURE 21 is a conceptualized drawing of a rotatable subscriber 
10 directional antenna according to an embodiment of the present invention; and 

FIGURE 22 is a conceptualized drawing of an additional embodiment 
for a subscriber directional antenna. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to Figure 1, a schematic drawing illustrating a portion of a 
15 communication system according to an embodiment of the present invention is 
shown. A communication system, shown generally by 20, includes a plurality of 
access points 22 which may be, for example, a local radio access point (LRAP). 
Each access point 22 defines coverage area 24 such as, for example, a cell, covering 
a reception range of access point 22. Coverage area 24 may be formed from many 
20 independent sectors, as may result if access point 22 uses many directional antennas, 
or may be a single region resulting from the use of an omnidirectional antenna. 
Subscriber unit 26 within coverage area 24 may establish two-way wireless link 28 
with access point 22. Subscriber unit 26 may also establish wireline link 29 with 
access point 22. Links 28, 29 may be symmetrical or asymmetrical. Subscriber unit 
25 26 may be fixed or non-fixed and, if non-fixed, may posses varying degrees of 
portability and mobility. Subscriber imit 26 may be a mobile telephone, a computer, 
a video receiver, an audio receiver, a two-way video conferencing station, a video 
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game, an information kiosk, a remote sensor, a remote actuator, or any other suitable 
communication device. 

Wireless link 28 may be any form of electromagnetic signaling not 
confined to a wire or cable, including energy radiated by antenna as well as visible 
5 and invisible light. As will be appreciated by one of ordinary skill in the art, 
wireless link 28 may be implemented by any access technology, including CDMA, 
TDM A, FDMA, OFDM, analog, and the like. Modulation techniques that may be 
used with the present mvention include FSK, BPSK, QPSK, m-ary QAM, FM, AM, 
and the like. Further, the invention does not depend on modulation frequency or on 

10 the use of FDD or TDD. In a preferred embodiment, the access technology, 
frequency, and modulation method for establishing wireless link 28 are based, in 
part, on local geography, local regulations, noise and distortion sources, other 
operating wireless systems, cost, or any other suitable parameter. Subscriber unit 
26 and access point 22 may establish wireless link 28 using a plurality of 

15 combinations of access technology, frequency, and modulation techniques. 

Information transmitted on links 28, 29 may represent voice, data, 
video, streaming audio, streaming video, or the like. Types of information include 
speech, facsimile, computer data, entertainment and informational audio and video, 
video game data, telemetry information, security information, and the like. If the 
20 information occurs as a continuous stream, subscriber unit 26 breaks the information 
into packets prior to packet transmission and reassembles the information stream 
from packets after packet reception. Any type of information that exists in packets 
or that may be packetized can be used with the present invention. 

In an embodiment of the present invention, subscriber unit 26 may be 
25 implemented as part of terminal network controller 30 accepting inputs from and 
providing outputs to information sources including voice equipment 32, computing 
equipment 34, telemetry equipment 36, video equipment 38, or any other suitable 
communication equipment. Inputs to terminal network controller 30 may include 
serial data, parallel data, ISDN, standard telephone, xDSL, SR 1394, coaxial cable. 
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twisted pair cable, optical fiber, or any other suitable communication protocol, 
method, or medium. 



In an embodiment of the present invention, a quality error bit rate is 
established for each subscriber unit 26. This quality error bit rate may be based on 
5 the location of subscriber unit 26 within conununication system 20, the class of 
service assigned to subscriber unit 26, the grade of service assigned to subscriber 
unit 26, the data or transmission rate of service assigned to subscriber unit 26, or any 
other suitable parameter. The quality error bit rate may be modified while subscriber 
unit 26 is within communication system 20 to reflect changing conditions such as 
10 noise, demand, connectivity, or any other suitable parameter. Applications 
providing services to subscriber unit 26 may adjust these services based on the 
[J quality error bit rate. For example, an application providing streaming audio and 

video may reduce the frame update rate as noise increases, guaranteeing successful 
111 transmission at a lower information rate. The information rate may be further 

pi'^ 15 reduced to provide only still pictures and audio if conditions continue to worsen. 

- = The information rate may also be automatically changed if subscriber unit 26 moves 

_ between coverage areas 24 with differing transmission capabilities or loads. 

£:j Control of the information rate may be achieved by having subscriber 

unit 26 monitor a signaling channel transmitted by access point 22 for each coverage 

13 20 area 24. This signaling channel informs subscriber unit 26 when to transmit 

information, how much information to transmit, the information transmission rate, 
and the like. The signaling channel may be controlled by a central supervisor, 
described below. 



In an embodiment of the present invention, bandwidth on 
25 communication link 28 is only consumed when packets containing information are 
transmitted. For example, each subscriber unit 26 surrenders bandwidth on 
communication link 28 when not sending or receiving an information packet. 
Packets to be transmitted are queued based on order of arrival, priority, a 
combination of arrival order and priority, or the like. Subscriber unit 26 monitors 
30 a signaling channel transmitted by access point 22 for each coverage area 24. 
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Subscriber unit 26 only consumes bandwidth when instructed to transmit by the 
signaling channel or when receiving packets. 

Each access point 22 communicates with at least one distribution point 
40. Distribution point 40 contains both routing and switching functionality. Access 
5 point 22 may be in contact with one or more radio access distribution points 40 over 
radio link 42, may be wired or cabled to distribution point 40 through wireline link 
44, or may be packaged with distribution point 40. Access point 22 may also be 
transformed into distribution point 40, permitting access point 22 to route traffic that 
neither originated nor terminated with any of its serviced subscriber units 26. 
10 Distribution point 40 is in communication with at least one additional distribution 
point 40, the collection of interconnected distribution points forming a network of 
distribution points, shown generally by 41. Two distribution points may be 
connected by radio link 46 or wireline link 48. 

Distribution points 40 may route packets within distribution point 
15 network 41 under a variety of protocols such as ATM, TCP/IP, 802.x, or the like. 
In a preferred embodiment, distribution point 40 includes an ATM/IP switch. 
Distribution point 40 then operates at both the IP routing and ATM switching layers 
or, in terms of the Open Systems Interconnection (OSI) standard, at both the network 
layer and the data link layer. 

20 The IP layer operates with a link-state protocol such as the open 

shortest path first (OSPF), quality OSPF (Q-OSPF), or internal gateway routing 
protocol (IGRP) and its derivatives. The IP layer operates as a single autonomous 
system (AS) within the IP frame of reference. Each system 20 will be allocated a 
unique and unambiguous AS number for system management. IP addresses for 

25 system 20 will use a private IP address space that cannot be routed within public 
systems such as the Internet. Subscriber units 26 within system 20 may be permitted 
access to the private IP address space or may be excluded from the private IP address 
space. When private IP address space is used for subscriber units 26, a network 
address translator (NAT) within system 20 allows subscriber units 26 access to the 

30 Internet. The ATM layer operates with the private network node interface (PNNI) 
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routing protocol. ATM end system addresses (AESAs), managed by the service 
provider for system 20, are used by distribution point network 41. 

The ATM network carries voice traffic and may carry data. Through 
PNNI, the ATM/IP switch participates in switched or signaled virtual connections 
5 (SVCs). When subscriber unit 26 within system 20 requires voice connectivity, it 
signals such a request, which is serviced by distribution point 40 receiving that 
request. The IP network coresiding with the ATM network is used for delay 
insensitive data applications required by subscriber units 26. The IP network is also 
used for all network management, including management of ATM/IP switches, 
10 subscriber units 26, gear associated with distribution points 40, and any other 
suitable network component. This includes functions such as alarming, monitoring, 
recovery systems, and the like. While described in the context of a wireless network 
application, it is readily apparent that ATM/IP routing as described herein may be 
applied to wireline and mixed wireline- wireless systems as well. 

15 Each distribution point 40 receives an information packet from either 

another distribution point 40, from subscriber unit 26 in communication with 
distribution point 40 through access point 22, or from an external communication 
system. If distribution point 40 determines the information packet is destined for 
subscriber unit 26 within coverage area 24 of access point 22 in communication with 

20 distribution point 40, distribution point 40 forwards the packet to access point 22 
forming coverage area 24 containing destination subscriber unit 26. If distribution 
point 40 determines the information packet is destined for subscriber unit 26 in 
coverage area 24 formed by access point 22 in communication with a different 
distribution point 40, distribution point 40 forwards the packet to one of distribution 

25 points 40 in communication with distribution point 40. Hence, no central MSG is 
required for routing. Distributed routing removes delays caused by central 
switching, increases the robustness of the communication system 20, increases 
network efficiency, and permits simplified expansion or reduction of communication 
system 20 by automatically adding or removing distribution points 40. 
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A third option is that distribution point 40 determines that the 
information packet is destined for a destination not part of conmiunication system 20. 
Special distribution points, such as gateway 50, provide a bridge to additional 
communication systems 52 including wireless and wireline telecommunication 
systems, video distribution systems, computer network systems such as the Internet, 
packet systems, frame systems, ATM systems, IP systems, private networks, and any 
other suitable communication or information system. If distribution point 40 
determines the information packet is destined for delivery outside of conmiunication 
system 20, distribution point 40 forwards the packet to one of distribution points 40 
in communication with gateway 50. 

In an embodiment of the present invention, communication system 20 
includes communication system interface device 54 operative to format information 
contained in the information packet to pass through telecommunication system 52. 
Communication system interface device 54 may be incorporated into gateway 50 or 
may be a separate component of communication system 20. Distribution point 40 
receives at least one information packet from the teleconrniunication system interface 
device 54 and determines if the at least one information packet destination is to 
subscriber unit 26 within coverage area 24 of access point 22 in communication with 
distribution point 40. Distribution point 40 forwards the at least one information 
packet to access point 22 defining coverage area 24 containing subscriber unit 26 if 
the information packet destination is to subscriber unit 26 within coverage area 24 
of access point 22 in conmiunication with distribution point 40 and forwards the at 
least one information packet to one of the additional distribution points 40 in 
communication with distribution point 40 otherwise. 

Each distribution point 40 communicates with supervisor 56. 
Supervisor 56 tracks the locations of subscriber units 26 within communication 
system 20, identifying with which distribution point 40 each subscriber unit 26 is 
currently communicating. Supervisor 56 manages transmission priorities based on 
parameters including load, information type, service requests, location, grade of 
service, information transfer rates, or any other suitable parameter. Supervisor 56 
may also serve as a collection point for alarms and performance measuring of 
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communication system 20. Supervisor 56 may further include or interface with 
billing and authentication services. 

In an embodiment of the present invention, supervisor 56 also assigns 
an address to each distribution point 40 as distribution point 40 is added to 
5 communication system 20. Supervisor 56 provides each distribution point 40 with 
a logical address and a listing indicating to which additional distribution point 40 in 
communication with distribution point 40 information packets should be forwarded 
for each possible destination distribution point 40. The listing may be based on 
maintaining a minimum quality of service in the path through distribution point 
10 network 41 to the destination distribution point 40. Supervisor 56 periodically 
assesses the performance of network 41 by sending test messages. Reports may also 
be generated by distribution points 40 attempting to communicate with target 
addresses. 

Supervisor 56 is shown in Figure 1 • as a separate component 
15 individually connected to each distribution point 40. Alternatively, communication 
between supervisor 56 and distribution points 40 may be through radio links 46 and 
wireline links 48. Supervisor 56 may be one or more separate components of 
communication system 20, may be incorporated into one of distribution points 40, 
or may be distributed amongst multiple distribution points 40. 

20 In an embodiment of the present invention, a distribution point may 

be automatically added to or removed from distribution point network 41. When 
new distribution point 40 is first inserted into communication system 20, new 
distribution point 40 transmits a signature signal. Existing distribution points 40 
within range of new distribution point 40 receive the signal and report it to 

25 supervisor 56. Supervisor 56 then determines if new distribution point 40 will be 
added to network 41 . If so, supervisor 56 assigns new distribution point 40 a routing 
address and informs network 41 as needed. Each existing distribution point 40 in 
distribution point network 41 is provided with an indication as to which distribution 
point 40 in communication with existing distribution point 40 each information 

30 packet having a destination address specifying the new distribution point 40 is to be 
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forwarded. If a distribution point 40 is removed from network 41, remaining 
distribution points 41 report the absence of removed distribution point 40 to 
supervisor 56. Supervisor 56 then informs network 41 as needed. 

In an embodiment of the present invention, each subscriber unit 26 is 
5 autonomously registered with communication system 20 when subscriber unit 26 first 
enters coverage area 24 within communication system 20. Each subscriber unit 26 
maintains, registration as subscriber unit 26 moves from one coverage area 24 into 
another coverage area 24 within communication system 20 and is autonomously 
deregistered when subscriber unit 26 leaves communication system 20. To 

10 accomplish automatic registration and deregistration of subscriber units 26, each 
access point 22 periodically reports the status of subscriber units 26 within any 
controlled coverage area 24 to supervisor 56 performing registration, and 
authentication. Each access point 22 communicates with subscriber units 26 to 
determine status. When a subscriber unit 26 voluntarily enters or leaves coverage 

15 area 24, such as by powering up or down, subscriber unit 26 transmits a particular 
signal to access point 22. Information is also received from subscriber unit 26 in 
response to periodic queries from network 20. Access point 22 may determine the 
absence of subscriber unit 26 from coverage area 24 if no communication is received 
after a particular time interval. Algorithms for registering and deregistering 

20 subscriber units 26 may be based on various factors including quality of service, 
traffic, location, service type, network topology, and the like. 

Referring now to Figure 2, a block diagram of a distribution point 
according to an embodiment of the present invention is shown. Distribution point 
40 includes one or more front end communication interfaces 100, each front end 

25 interface communicating with one access point 22. In one configuration, access point 
22 is packaged with distribution point 40. Front end interface 100 may provide a 
plug-in port for receiving access point 22. In another configuration, front end 
interface 100 connects to antenna 102 for establishing radio link 42 with access point 
22. In a further configuration, front end interface 100 accepts wireline link 44 

30 connecting distribution point 40 with access point 22. Front end interface 100 
operates using a standard packet switching protocol such as, for example, ATM25. 
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Each front end communication interface 100 passes information packets through 
common front end switch interface 104 operating under a packet protocol such as 
ATM, TCP/IP, 802.x, or the like. 

Distribution point 40 also includes back end communication interfaces 
5 106 for connecting distribution point 40 with additional distribution points 40, with 
supervisor 56, and, if distribution point 40 is a gateway 50, with telecommunication 
systems, private network systems, video distribution systems, the Internet, or the 
like. This may be typically referred to as backhaul communication. In one 
configuration of the present invention, back end interface 106 connects to antenna 

10 108 for establishing radio link 46 with another distribution point 40. In another 
configuration, back end interface 104 accepts wireline link 44 connectmg distribution 
point 40 with another distribution point 40. In a preferred embodiment, back end 
interface 106 accepts modules 110 for interfacing through a variety of protocols and 
media such as ATM25, DSl, DS3, OC3, lOOOBase-T, 100Base-T, and the like. 

15 Each back end communication interface 106 passes information packets through 
common back end switch interface 112 operating under a packet protocol such as 
ATM, TCP/IP, or the like. In a preferred embodiment, distribution point 40 
dynamically allocates bandwidth when the information packet is forwarded to one of 
the additional distribution points 40 in communication with distribution point 40. 

20 Intelligent packet switch 114 received information packets through 

common front end switch interface 104 and common back end switch interface 112 
and routes the packets between front end interfaces 100 and back end communication 
interfaces 106. Switch 114 may be a packet switching device as is known in the art 
such as an ATM switch, an IP switch, a TDM switch, a switch working under the 

25 802.11 specification, or any other suitable alternative or combination having the 
required switching functionality. In an embodiment of the present invention, switch 
1 14 includes an ATM portion for routing voice, video and data, and an IP portion 
for real-time dynamic data routing and non-real time data routing as well as 
administration, management, and network topology control. 
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In an embodiment of the present invention, elements of distribution 
point 40 are enclosed in at least one environmentally sealed package. This permits 
distribution point 40 to be mounted outside, such as on a pole or the side of a 
building. In keeping with the invention, however, distribution point 40 need not be 
5 outside so long as it can conmiunicate with access points 22, additional distribution 
points 40, supervisor 56, and any other suitable network component. 

Referring now to Figure 3, a schematic drawing illustrating an 
implementation of a communication system according to an embodiment of the 
present invention is shown. This implementation provides an example including 
10 interfaces between communication system 20 and a variety of external 
communication systems 52. 

f pi Conmiunication system 20 includes wireless service location registers 

(WSLRs) 200 providing common subscriber and service databases. Each WSLR 200 
fij communicates with at least one distribution point 40 and one additional 

15 communication system 52. Connections between WSLRs 200 and communication 
systems 52 are not shown in Figure 3 for clarity. Each WSLR 200 provisions 
% requested services from additional conmiunication system 52. For example, WSLR 

£•5 200 may provide centralized mobility and location management. Supervisor 56 

f 5 determines which WSLR 200 will provision services based on the distribution point 

^ 20 40 through which subscriber unit 26 requesting services is currently communicating. 

A device that may serve as WSLR 200 is described in U.S. Patent No. 5,974,331 
titled "Method And System For Dynamically Assigning Features And Users To 
Wireline Interfaces," to Cook et aL and incorporated herein by reference. Call 
agents may also function as WSLR-like devices to map or integrate additional 
25 communication systems with system 20. 

Communication system 20 may also include multi-service platform 
(MSP) 202. MSP 202 provides access to wireline telephone systems (PSTN). This 
may be accomplished through GR-303 compliant connection 204. Signaling point 
of interface (SPOI) 206 serves as the demarcation point between communication 
30 system 20 and external communication system 52. In the example shown, GR-303 
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connection 204 connects wireline provider 208, serving wired customers 210, with 
communication system 20. MSP 202 may integrate both PSTN and IP networks as 
well as provide enhanced circuit/packet switch services. 

At least one gateway 212 supports MSP 202. Communication system 
5 20 may include, for example, voice-over- ATM (VoATM) to GR-303 gateways and 
voice over IP (VoIP) to GR-303 gateways. Gateway 212 serves as a protocol agent, 
converting information packets to a format acceptable to additional communication 
system 52. A determination as to which gateway 212 will process an information 
packet may be based on information contained within the information packet. 
10 Gateways 212 may be connected to MSP 202 by GR-303 compliant connection 214. 

Communication system 20 may also include gateway 216 connecting 
m communication system 20 with external data network 52 such as the Internet or a 

2.1 private data network interconnecting network users 218. Gateway 216 may, for 

f IJ example, convert between various packet-based standards such as H.323 and SIP. 

- 15 Communication system 20 may also include gateway 220 interfacing 

communication system 20 with external SS7 network 52 represented by signal 
ll transfer point (STP) 222. Gateway 220 conmiunicates with STP 222 through ISUP 

j;j compliant connection 224 which permits setting up and taking down trunk calls, 

calling party information services, call status, and any other suitable network 
20 function, by passing signaling information through SS7 network 52 to wireline 
provider 208 under the control of integrated services control point (ISCP) 226. 

Communication system 20 may also include unified message center 
(UMC) 228. Unified messages, also known as integrated messages, permit messages 
from a variety of sources such as telephone, email, fax, reports, compound 
25 documents, or any other suitable information or communication device, to be 
summarized and presented on a single medium, such as a personal computer. 
Messages may even be translated from one media type to another. UMC 228 
supports unified message applications within communication system 20. In an 
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embodiment, UMC 228 communicates with wireline provider 208, permitting greater 
integration, flexibility and access to messages. 

Connection controller 230 controls access to gateways 50, 202, 212, 
216, 220, or any other suitable interface. For example, connection controller 230 
5 may manage voice over ATM to GR-303 access, voice over IP to GR-303 access, 
H.323/SIP to Internet remote access, SS7 to IP access, and the like. Connection 
controller 230 may also support information rate adaptation including open 
application processor interfaces and robust application development platforms. 

Referring now to Figures 4-6, drawings illustrating dynamic growth 
10 of a distribution point network according to an embodiment of the present invention 
are shown. An initial configuration for system 20 is shown in Figure 4. ATM/IP 
switch 300 is in communication with supervisor 56 through ATM virtual connection 
302. In this simple configuration, ATM/IP switch 300 may be functioning as access 
point 22. ATM/IP switch 300 may obtain an IP address and an ATM address either 
15 manually or automatically. 

ATM/IP switch 300 automatically requests addresses by first 
broadcasting an ATM request in an IP packet over virtual connection (VC) 302. 
Supervisor 56 forwards this request to address server 304. Address server 304 
responds by allocating unique ATM end system addresses (AESA) 306 to the address 

20 assignment client in ATM/IP switch 300, which updates the ATM layer with new 
address 306. The address assignment client in ATM/IP switch 300 next requests 
from address server 304 an IP address, again using IP as the transport service over 
pre-existing ATM VC 302. Address server 304 forwards IP address 308 to ATM/IP 
switch 300. ATM/IP switch 300 then requests address pools for ATM and IP. 

25 Address server 304 responds by suppling AESA pool 310 and IP address pool 312. 
Pools of addresses 310, 312 are used by switch 300 when functioning as distribution 
point 40 in support of other distribution points 40 and access points 22. 

Referring now to Figure 5, a drawing illustrating the addition of a 
second access point is shown. Access point 22 has the capability to function as a 
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distribution point 40. As new access points 22 are subtended from an existing access 
point 22, existing access point 22 becomes a distribution point 40. Each distribution 
point 40 continues to communicate with its initially connected distribution point 40 
and with other distribution points 40 as they are provisioned. As new links 46, 48 
5 between distribution points are created, distribution points 40 form peer relationships 
at both the ATM layer and the IP layer. Distribution points 40 are always peers at 
the IP and ATM layer, while access points 22 are clients of distribution points 40. 
As such, each ATM/IP switch 300 functions as a server when operating as 
distribution point 40 and as a client when operating as access point 22. 

10 When new ATM/IP switch 320 is instantiated as access point 22, it 
will automatically request an ATM address in an IP packet address assignment 

£;S request. This IP packet will be sent in an ATM frame over radio link 46 to IP/ ATM 

f% switch 300 functioning as distribution point 40 using a pre-existing ATM VC. 

U1 IP/ ATM switch 300 will allocate unique ATM address 322 from AESA pool 310 and 

r\i 15 unique IP address 324 from IP address pool 312. ATM/IP switch 320 then sends 

"7 a directed request to address server 304 and receives its own AESA pool 326 and IP 

5 address pool 328. 

Referring now to Figure 6, a hierarchical routing network is shown. 
Address server 304 assigns AESA pool 310 and IP address pool 312 as each ATM/IP 
20 switch 300 is added. By handling all requests for address pools 310, 312, address 
server 304 maintains a hierarchy of addresses for both ATM and IP layers. Address 
server 304 constructs routing tables for each ATM/IP switch 300 indicating to which 
directly connected ATM/IP switch 300 each incoming packet should be routed if the 
packet is not destined to subscriber unit 26 serviced by that ATM/IP switch 300. 
25 Thus, routing tables are cohesive, reflecting the view of communication system 20 
seen by each ATM/IP switch 300. Address server 304 also constructs forward 
equivalency class (EEC) tables permitting ATM/IP switch 300 to route packages 
based on package contents. FECs can be seen as either the virtual path identifier 
(VPI) portion of the ATM VPI/VCI or as the entire VPI/VCI, and are enabled by the 
30 routing protocols at the IP and PNNI layers. 
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New routing elements are dynamically added to a network of routing 
elements by establishing a connection between the new routing element and an 
existing routing element in the network of routing elements. At least one address is 
assigned to the new routing element, each assigned address coming from a pool of 
addresses maintained at the existing routing element. At least one pool of addresses 
is issued to the new routing element. The one or more pool of addresses permitting 
the new routing element to dynamically add yet another new routing element to the 
network of routing elements. 

In an embodiment of the present invention, a method of dynamically 
adding a routing element to a distributed communications includes establishing an 
ATM virtual connection with an existing distribution point already part of the 
communications network. An ATM end user address is requested from the existing 
distribution point. An ATM end user address is obtained from the existing 
distribution point, the ATM end user address allocated from a pool of ATM end user 
addresses in the existing distribution point. An IP address is requested from the 
existing distribution point. An IP address is obtained from the existing distribution 
point, the IP address allocated from a pool of IP addresses in the existing distribution 
point. Preferably, a pool of ATM end user addresses is requested and received from 
an address server. A pool of IP addresses is requested and received from the address 
server. An ATM end user address from the pool of ATM end user addresses and an 
IP address from the pool of IP addresses may be assigned to a new routing element 
requesting to be added to the communications network. 

In an embodiment of the present invention, when a new distribution 
point is added to a network of distribution points, a connection is established between 
the new distribution point and at least one existing distribution point in the network 
of distribution points. A peer-to-peer relationship is formed at the OSI network layer 
between the new distribution point and the at least one existing distribution point. 
A peer-to-peer relationship is formed at the OSI data link layer between the new 
distribution point and the at least one existing distribution point. 
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In an embodiment of the present invention, when an access point is 
added to a network of distribution points, a connection is established between the 
access point and at least one existing distribution point in the network of distribution 
points. A client-server relationship is formed at the OSI network layer between the 
5 access point client and the at least one existing distribution point server. A client- 
server relationship is formed at the OSI data link layer between the access point and 
the at least one existing distribution point server. 

In an embodiment of the present invention, when an ATM/IP switch 
300 is removed from conmiunication system 20, all of the addresses 306, 308 and 
10 address pools 310, 312 associated with the removed switch 300 are released. 
Addresses 306, 308 and address pools 310, 312 may be instantiated at distribution 
point 40 which originally supplied removed switch 300 with addresses 306, 308, may 
be sent to supervisor 56, or may be split with addresses 306, 308 returning to 
distribution point 40 and address pools 310, 312 returning to supervisor 56. 

15 When subscriber unit 26 first enters communication system 20, it is 

detected and serviced by access point 22. Subscriber unit 26 is provided with one 
or more addresses, each address routable within at least the local hierarchy of 
ATM/IP switches 300. If subscriber unit 26 enters the range of a new access point 
22, new access point 22 sends out a flooding FEC routing update for the ATM 

20 address of subscriber unit 26. Previously servicing access point 22 removes 
subscriber unit 26 from its own FEC upon receiving the FEC update. Any 
subsequent ATM packets received by previously servicing access point 22 are 
discarded. 

When subscriber unit 26 changes access points 22, the IP routing 
25 portion of system 20 moves the IP address of subscriber unit 26 from one FEC class 
to another. Any IP packets remain untouched, with only a label or equivalence 
changed. In one embodiment, the label is the VPI portion of the VC. In another 
embodiment, multiprotocol label switching (MPLS) is used to provide an additional 
label. In either case, the IP address and virtual connection identifier (VCI) are 
30 retained. 
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Referring now to Figure 7, a schematic drawing illustrating a network 
of distribution points routing packets based on forwarding equivalency classes is 
shown. Each distribution point contains an FEC table 400 used to route packets 
received from and destined to subscriber units 26. Forwarding equivalency class 
5 table 400 contains one entry for each forwarding equivalency class 402. In the 
embodiment shown, there is one FEC 402 corresponding to each access point 22. 
When subscriber unit 26 is first detected by access point 22, the address for 
subscriber unit 22 is placed in the equivalency class 402 corresponding to the 
detecting access point 22. The address is typically an IP address. This may be done 
10 by broadcasting from detecting access point 22 or, preferably, is done by supervisor 
56 after supervisor 56 receives a message indicating subscriber unit 26 has been 
detected by access point 22. 

FEC table 400 in each distribution point 40 contains the next 
destination for each FEC 402. Typically, destinations are other distribution points 

15 40, access points 22 serviced by distribution point 40, gateways 50, and other 
suitable points for routing, switching, servicing, distributing, and the like. When a 
packet destined for subscriber unit 26 is received by distribution point 40, 
distribution point 40 determines to which FEC subscriber unit 26 is assigned, 
determines to which destination the packets in that FEC are routed, and forwards the 

20 packet to the determined destination. 

Referring now to Figure 8, a schematic drawing illustrating 
forwarding equivalency class updating to track a moving subscriber unit is shown. 
If subscriber unit 26 is mobile or portable, as indicated by Ul in Figure 8, subscriber 
unit 26 may move out of coverage area 24 for one access point 22 and into coverage 

25 area 24 for a new access point 22. The address for subscriber unit 26 is then moved 
from FEC 402 of origmal access point 22 into FEC 402 for new access point 22. In 
an embodiment, when original access point 22 is no longer in communication with 
subscriber unit 26, original access point 22 broadcasts a message to distribution 
points 40 and supervisor 56. If original access point 22 subsequently receives any 

30 packets for subscriber unit 26, original access point forwards these packets back into 
distribution point network 41. If the packets are sequentially indicated, such as IP 
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packets, correct order will be established by subscriber unit 26 when packets are 
received. 

Referring now to Figure 9, an elevation view drawing of a pole 
mounted antenna system powered according to an embodiment of the present 
5 invention is shown. An antenna system, shown generally by 500, includes antenna 
module 502, having at least one wireless telecommunication antenna. Antenna 
module 502 is mounted on vertical pole 504, the top portion of which is shown in 
Figure 9. Extension pole 506 extends from pole 504. A light system, shown 
generally by 508, is attached to the end of extension pole 506. Light system 508 
10 includes a device for detecting ambient light level commonly known as electric eye 
510. Electric eye 510 interrupts the flow of electricity to lighting elements in light 
system 508 when the level of ambient light exceeds a threshold and provides 
electricity to lighting elements in light system 508 when the level of ambient light 
falls beneath a threshold. 

15 Power adapter 512, shown attached to light housing 513, is disposed 

between electric eye 510 and the remainder of light system 508. Power adapter 512 
taps into the power supplied to light system 508 to provide electrical current through 
cabling 514 connected to power adapter 512. Cabling 514 runs along extension pole 
506. Cabling ties or wire wraps, one of which is indicated by 516, hold cabling 514 

20 to extension pole 506. In one embodiment of the present invention, cabling 514 is 
directly connected to antenna module 502. 

In another embodiment of the present invention, cabling 514 connects 
to power box 518 mounted to light pole 502. Cabling 519 then connects power box 
518 to antenna module 502. Power box 518 may contain several types of power 

25 support components. For example, power box 518 may include power conversion 
equipment such as transformers, voltage converters and the like, if the power 
supplied by light system 508 does not meet the requirements of antenna module 502. 
Such equipment may provide AC to DC conversion as well as voltage regulation. 
Power box 518 may also contain protection equipment such as fuses, isolators and 

30 lightning arresters to protect antenna module 502 and associated wiring and cabling. 
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Power box 518 may further function as an uninterruptible power supply (UPS) by 
including charge/discharge circuit 520 and electrical storage device 522 such as, for 
example, one or more batteries. Charge/discharge circuit 520 charges electrical 
storage device 522 during periods when power is supplied from light system 508. 
5 If charge/discharge circuit 520 detects the loss of power from light system 508, 
charge/discharge circuit 520 draws power from storage device 522 to keep antenna 
module 502 in operation. The design and operation of systems suitable for 
charge/discharge circuit 520 and storage device 522 are well known. 

Referring now to Figure 10, a schematic drawing of a street light 
10 control system with a power adapter according to an embodiment of the present 
invention is shown. Light system 508 is powered by external AC source 530 through 
"hot" cable 532 and neutral cable 534. Electric eye 510 includes light control circuit 
535 which switches current from hot cable 532 onto load wire 536 coimected to light 
element 538 when the level of ambient light 540 striking electric eye 510 falls below 
15 a predetermined threshold. Power adapter 512, between electric eye 510 and the 
remainder of the light circuit in light system 508, taps into hot cable 532 and neutral 
cable 534 to provide power for antenna module 502 through cabling 514. Power 
adapter 512 includes a pass through for load wire 536. 

The electrical construction for power adapter 512 requires three pass 
20 through connections for hot cable 532, neutral cable 534 and load wire 536. Two 
of the wires, hot cable 532 and neutral cable 534 are brought out for connection to 
cabling 514. Mechanically, power adapter 512 must fit into the opening in housing 
513 for electric eye 510 and provide a mounting position for electric eye 510. Power 
adapter 512 must also provide an environmentally secure coimection point or pass 
25 through for cabling 514. These mechanical constraints are met by the model 
N282TAPA twist lock timed auxiliary power adapter by Fisher Pierce of Weymouth, 
Massachusetts. The N282TAPA inserts between an electrical eye and a street light 
housing to provide for the timed control of ornamental lighting. 

While the embodiment illustrated in Figure 10 outputs AC current 
30 through cabling 14, other embodiments are possible. For example, light control 
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circuit 535 can be split into more than one modules, at least one of which is not 
contained within electric eye 510. Electric eye 510 may then only contain a photo 
sensor and sensor support electronics. In this case, the three wires passing through 
power adapter 512 would be a positive voltage wire, such as 40 volts DC, in place 
5 of hot cable 532, a ground wire in place of neutral cable 534, and a switched positive 
voltage wire as load wire 536, Power adapter 512 would then output the non- 
switched positive voltage and ground onto cabling 514, 

Antenna module 502 may be installed in a variety of manners, 
depending on the construction of pole 504, antenna module 502 and light system 508. 

10 For example, antenna module 502 may be assembled prior to delivery at pole 504. 
A lift may be used to take antenna module 502 to the location on pole 504 to which 
it is to be mounted. After mounting antenna module 502, power adapter 512 is 
inserted between electric eye 510 and the remainder of the light circuit in light 
system 508 by first removing electric eye 510 from housing 513, installing power 

15 adapter 512 in the opening for electric eye 510, and installing electric eye 510 in 
power adapter 512. Cabling 514 is connected between power adapter 512 and 
antenna module 502. This requires only one trip up in the lift and no ground 
operations such as installing boxes or pedestals, burying cables, or the like. Hence, 
the cost of installing access points 22 is greatly reduced and the flexibility of 

20 communication system 20 is greatly increased. 

Referring now to Figure 1 1 , an elevation view drawing of an antenna 
system according to an embodiment of the present invention is shown. An antenna 
module, shown generally by 502, includes a backhaul system, shown generally by 
550. Backhaul system 550 has backhaul antenna 552 attached to backhaul data 

25 terminal 554. Typically, backhaul antenna 552 is a directional antenna aimed at a 
corresponding antenna at another location. Backhaul mounting support 556 joins 
backhaul system 550 to base plate 558 affixed to pole 504. Backhaul mounting 
support 556 allows backhaul antenna 552 to be horizontally and elevationally angled 
to facilitate alignment of backhaul antenna 552. Backhaul cable 560 connects 

30 backhaul data terminal 554 with junction box 562. Backhaul system 550 may be 
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implemented with a UNII SU from Adaptive Broadband located of Sunnyvale, 
California. 

Antenna module 502 also includes an access system, shown generally 
by 564. Access system 564 includes access data temiinal 566 cormected to junction 
5 box 562 through access cable 568. Directional access anterma 570 is attached to 
access data terminal 566 and may form a directional coverage area 24 for access 
point 22. Access data terminal 568 attaches to base plate 558 through access data 
terminal mounting support 572 which may be used to horizontally and elevationally 
aim directional access anterma 570. Preferably, antenna module 502 includes 

10 omnidirectional anterma 574 to form a substantially uniform, onmidirectional 
coverage area 24 around access point 22. The exact shape of coverage area 24 
depends on a variety of factors including the type of anterma 574, frequency of 
transmission, local geography, and near by obstructions. Omnidirectional anterma 
574 is connected to access data terminal 566 through cabling not shown. Access data 

15 terminal 566 may be implemented with a UNII SU from Adaptive Broadband. This 
unit may be modified for interconnection with omnidirectional anterma 574. In this 
manner, access point 22 may implement both omnidirectional and sectored coverage 
areas 24. Omnidirectional antenna 574 may be a model UNIIM-VR-ll-360007-OS 
from Ball Wireless Communications Products of Broomfield, Colorado. 

20 Base plate 558 is attached to pole 504 by three L-brackets, one of 

which is indicated by 576. L-bracket 576 is held to base plate 558 by bolt 578, L- 
brackets 576 are held to pole 504 by straps 579 such as BAND-IT® straps available 
from Idex, Inc. of Denver, Colorado. 

Referring now to Figure 12, a plan view drawing of an anterma system 
25 having a single backhaul anterma according to an embodiment of the present 
invention is shown. Omnidirectional anterma 574 is held in bracket 580 which is 
attached to base plate 558 by omnidirectional anterma mounting support 582. 
Omnidirectional antenna 574 is cormected to junction box 562 through 
omnidirectional anterma cable 584. Junction box 562 provides environmental 
30 protection for cormections between elements of anterma system 502 including 
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between backhaul data terminal 554 and access data terminal 566 and between access 
data terminal 566 and omnidirectional antenna 574. Cabling 514 supplies electrical 
power to various elements of antenna system 502 through connections within junction 
box 562. In an embodiment of the present invention, access data terminal 566 is 
5 incorporated into junction box 562. 

During operation, backhaul data terminal 554 formats baseband digital 
packetized information for transmission by backhaul antenna 552 and converts 
information received by backhaul antenna 552 into baseband digital information. 
Likewise, access data terminal 566 formats baseband digital packetized information 

10 for transmission by access antenna 570, 574 and converts information received by 
access antenna 570, 574 into baseband digital information. The frequencies and 
formats for transmission are based on regulatory requirements, frequency 
availability, data rates provided, noise, and other disturbances. Typical backhaul 
frequencies include 6, 11, 18 and 23 GHz licensed bands for DS3/OCS transmission 

15 and 5.8 and 24 GHz for unlicensed ATM-25 transmission. Typical frequencies for 
transmission by access antennas 570, 574 include 5.8 GHz and 700 MHz. Different 
frequencies for access transmission may simultaneously be used by access point 22 
for omnidirectional and sectored coverage. For example, backhaul antenna 522 may 
operate at 23 GHz providing 579 Mbps peak data rate. Omnidirectional access 

20 antenna 574 may operate at 5.8 GHz providing 57.9 Mbps peak data rate to fixed and 
portable subscriber units 26 such as terminal network controllers 30. A plurality of 
directional access antennas 570 may operate at 700 MHz providing 2.4 Mbps data 
rate per sector to portable subscriber units 26 such as wireless telephones. 

Referring now to Figure 13, a plan view drawing of an antenna system 
25 having two backhaul antennas according to an embodiment of the present invention 
is shown. An anterma system, shown generally by 590, implements a combined 
access point 22 and distribution point 40. Anterma system 590 includes first 
backhaul antenna 552 with associated data terminal 554 connected to junction box 
562 by backhaul cable 560 and second backhaul antenna 592 with backhaul data 
30 terminal 594 connected to junction box 562 by backhaul cable 596. Junction box 562 
now includes common front end interface 104 interfacing access data terminal 566, 
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common back end interface 112 interfacing backhaul data terminals 554, 594, and 
intelligent packet switch 114. If an information packet received by antenna system 
590 is destined for subscriber unit 26, 30 communicating with access point 22 
through antenna 570, 574, the packet is routed to access data terminal 566. If an 
5 information packet is not destined for subscriber unit 26, 30 communicating with 
access point 22 through antenna 570, 574, the information packet is routed to the 
appropriate backhaul data terminal 554, 594 based on the destination for the 
information packet. 

Many variations fall within the spirit and scope of the present 
10 invention. For example, antenna system 590 may be modified to function solely as 
distribution point 40 or may function as a repeater to extend the range of 
communication system 20. Also, multiple directional access antennas 570 may be 
included in access point 22 to provide geographic diversity. The number and types 
of antennas 552, 570, 574, 592 may be adapted to the requirements of 
15 communication system 20 including data rates, access frequencies, backhaul 
frequencies, regulations, mounting structures, noise, obstructions, disturbances, and 
the like. Antermas 552, 570, 574, 592 and support equipment may be mounted in 
a single assembly, as a partial assembly, or singularly on pole 504. Further, 
omnidirectional access antenna 574 may be implemented with a plurality of 
20 directional antennas, such as directional access antennas 570, with each broadcasting 
the same information to achieve a substantially uniform coverage area 24. 

Referring now to Figure 14, a schematic drawing illustrating a prior 
art sectorized conmiunication system is shown. A wireless communication, shown 
generally by 600, includes a plurality of base transceiver stations (BTSs) 602. Each 

25 BTS 602 uses directional antermas to generate a plurality of coverage areas or sectors 
604, Subscriber unit 606 uses omnidirectional subscriber anterma 608 to receive 
from and transmit to BTS 602. Omnidirectional subscriber antenna 608 creates a 
substantially uniform subscriber coverage area 610 about subscriber unit 606. The 
use of multiple sectors 604 provides geographic diversity, permitting greater use of 

30 spectral bandwidth. However, coverage sectors 604 from BTS 602 not in active 
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communication with subscriber unit 606 as well as other subscriber units 606 create 
sources of noise or interference for subscriber unit 606. 

Referring now to Figure 15, a schematic drawing illustrating reverse 
sector ization according to an embodiment of the present invention is shown. 
5 Communication system 20 provides reverse sectorization through omnidirectional 
coverage by access points 22 and directional coverage by subscriber units 26, such 
as terminal network controller 30. Access point 22 includes omnidirectional access 
antenna 574 for generating a substantially uniform coverage area 24 around access 
point 22. Terminal network controller 30 includes directional subscriber antenna 620 
10 forming directional subscriber coverage area 622 directed at access point 22 in 
communication with terminal network controller 30. 

Reverse sectorization provides several benefits for communication 
system 20. First, by transmitting and receiving through directional subscriber 
antenna 620, subscriber unit 26 experiences reduced interference from access points 

15 22 not in communication with subscriber unit 26. Second, interference between 
subscriber units 26 is reduced. Third, subscriber units 26 may be more densely 
packed within coverage area 24. Fourth, directional subscriber antenna 620 may be 
designed to provide gain over omnidirectional subscriber antenna 608, resulting in 
less transmit power required to generate coverage area 24 and extended range 

20 between access point 22 and subscriber unit 26. Fifth, subscriber unit 26 may select 
with which access point 22 communication will occur. 

Referring now to Figure 16, a block diagram of a terminal network 
controller according to an embodiment of the present invention is shown. Terminal 
network controller 30 includes radio frequency (RF) interface 630 connected to at 

25 least one subscriber directional antenna 620. RF interface 630 converts broadband 
packetized information into baseband packets upon reception and reverses the process 
for transmission. The construction of RF interface 630 depends on the access 
technology, modulation techniques and modulation frequency used to transmit 
between terminal network controller 30 and access point 22. RF interface 630 

30 exchanges information packets with routing switch 632. Routing switch 632 may be 
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any packet switching device as is known in the art such as an ATM switch, an IP 
switch, a TDM switch, a switch working under the 802. 1 1 specification, or any other 
suitable alternative or combination having the required switching functionality. 
Routing switch 632 routes information packets between various interfaces within 
5 terminal network controller 30 based on information interface addresses. For 
example, terminal network controller 30 may form an IP subnet for delivering 
packets to interfaces through routing switch 632, In an embodiment of the present 
invention, switch 632 implements both ATM and IP routing. 

A wide variety of information interface devices may be incorporated 
10 into terminal network controller 30. Each information interface connects at least 
one external device with wireless communication system 20 and converts packetized 
^ j information into a format usable by the external device. Ethernet interface 634 

f n provides connection such as, for example, RJ-45 terminals, to data sources and sinks 

l\l such as computers, hubs, wireless or wired local area networks, and the like. 

h'-S 

III 15 Computers, PDAs, Internet appliances, and other data-driven devices may also be 

II connected through serial interface 136 and parallel interface 138, which provide 

1, connection through industry standards such as RS-323, USB, FireWire, and the like. 

r 1 

, ;S HomePNA (phoneline networking alliance) interface 640 provides RJ-11 connection 

for establishing a computer network using existing phone wiring, VoIP interface 642 
Q 20 delivers voice to IP-enabled peripherals. Digital signal processor (DSP) 644 

" " implements CODEC functionality to interface wireless or wireline handset 646 with 

terminal network controller 30. Cradle 646 provides a docking point for subscriber 
imit 26 such as wireless telephone 650. In one embodiment, docked subscriber unit 
26 provides an alternative radio link 28 between terminal network controller 30 and 
25 access point 22. Cradle 646 may also provide an interface for backing up 
information stored from telephone 650 or for downloading data and applications into 
telephone 650. Additional interfaces for terminal network controller 30 are possible, 
including ISDN, xDSL, SR 1394, coaxial cable, twisted pair cable, optical fiber and 
the like. Interfaces may also establish wireless connection with user devices using 
30 standards such as IEEE 802.11 and Bluetooth to support wireless networks, 
computing or peripheral devices, or to appliances in a "smart home" environment. 
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Any addressable interface capable of exchanging information packets with routing 
switch 632 may be used. 

Terminal network controller 30 also includes power supply 652 
converting power from AC connection 654 into a form usable by terminal network 
5 controller 30. Power supply 652 also charges battery 656 to provide backup power 
to terminal network controller 30. 

Control logic 658 in terminal network controller 30 controls the 
initialization and operation of routing switch 632. For example, control logic 658 
may configure and manage an IP subnet implemented through routing switch 632. 

10 Control logic 658 also determines the connection status of terminal network 
controller 30 with access point 22. As will be described below, control logic 658 
may determine which elements of subscriber directional antenna 620 are in use. 
Control logic 658 may also monitor and control the operation of power supply 652. 
Control logic 658 may be implemented as custom logic, as a microcontroller, or as 

15 a complete microcomputer, including long-term data storage devices. 

Referring now to Figure 17, a conceptualized drawing of a terminal 
network controller with integral antenna elements according to an embodiment of the 
present invention is shown. Terminal network controller 30 is packaged in housing 
670. Disposed on the inside surface of housing 670 are a plurality of directional 

20 subscriber antennas implemented by antenna patches 672. Patches 672 are arranged 
to provide directional coverage 622, either singularly or in combinations, completely 
around housing 670. Patches 672 may be have a solid surface shape, such as the 
rectangles shown, may be serpentine, spiral, or may have other patterns as is known 
in the art of antenna design. Preferably, patches 672 are arranged with varying 

25 elevational beam focus as well as horizontal beam focus for directional coverage 622. 
Housing 670 admits AC power cord 654 and provides connections, shown generally 
by 674, for various interfaces provided by terminal network controller 30. 

Referring now to Figure 18, a block diagram of a system for 
determining a terminal network controller directional antenna according to an 
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embodiment of the present invention is shown. RF interface 630 for terminal 
network controller 30 with multiple patch antennas 672 includes multiplexor 680 or 
similar switching device to route one or more patch antennas 672 to RF decoder 
circuit 682 on RF signal line 684 based on control received on multiplexor control 
5 line 681. RF decoder circuit 682 outputs at least one indication of the strength or 
quality of the RF signal to control logic 658 on signal strength line 686 based on 
control received on decoder signal line 688. 

Control logic 658 may determine the appropriate one or more patch 
antennas 672 to use as subscriber directional antenna 620. This determination may 

10 be made when terminal network controller 30 is powered up, when detected signal 
strength from RF decoder 682 drops below a threshold, when excessive bit errors are 
detected, when an increase in quality of service is requested, when excessive 
interference is detected, or at any time when increased bandwidth between terminal 
network controller 30 and access point 22 is required. Control logic generates 

15 signals on multiplexor control line 681 to have multiplexor 680 switch a sequence of 
configurations of patch antennas 672 onto RF signal line 684. For each 
configuration, control logic 686 records at least one strength parameter or measure 
of communication quality. When a signal of sufficient strength or quality is received 
from decoder 682, control logic 658 ceases generating new control signals for 

20 multiplexor 680. Alternatively, control logic 658 may continue searching to find the 
optimum configuration for directional antenna 620. RF decoder 682 then exchanges 
information packets with routing switch 632 over packet line 690. Control logic 658 
then periodically examines the strength or quality of the received signal to determine 
if the configuration for directional antenna 620 meets communication requirements. 

25 Referring now to Figure 19, a conceptual drawing of a terminal 

network controller having separate antenna and interface housings according to an 
embodiment of the present invention is shown. Terminal network controller 30 may 
be configured with separate antenna housing 700 and interface housing 702 
interconnected by controller cabling 704. Interface housing 702 includes various 

30 interfaces 634-644, 648 brought out of interface housing 702 through interface 
connections 674. AC power is supplied to interface housing 702 through power cord 
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654. Controller cabling 702 supplies DC voltage to antenna housing 700. Controller 
cabling 702 also carries information packets between antenna housing 700 and 
routing switch 632 in interface housing 702. Antenna housing 700 includes a 
plurality of patch antennas 672 arranged around the inside of housing 700. Patch 
5 antennas 672 provide for variations in horizontal beam focus and, preferably, 
variations in elevational beam focus for coverage area 622 about antenna housing 
700. 

Referring now to Figure 20, a conceptualized drawing of patch 
antennas constructed on a flexible printed circuit according to an embodiment of the 
10 present invention is shown. Flexible printed circuit 710 includes copper ground 
plane layer 712 and circuit layer 714 separated by dielectric layer 716. A plurality 
of patch antennas 672 are formed on circuit layer 714 using screening techniques 
m known in the art of flexible printed circuit manufacturing. Patch antennas 672 may 

have a solid surface shape, such as the rectangles shown, may be serpentine, spiral, 
fij 15 or may have other pattems as is known in the art of antenna design. Flexible printed 

i2 circuit 710 also includes electronics, indicated generally by 718, implementing at 

- least portions of RF interface 630 and control logic 658 as described with regards to 

3 Figure 18 above. Patch antennas 672 are connected to electronics 718 by traces, one 

^ f of which is shown as 720. Connector 722 on flexible printed circuit 710 connects 

r;3 20 with controller cabling 704. Once assembled, flexible printed circuit 710 is wrapped 

^ ^ around an appropriately shaped shell and placed into antenna housing 700. 

Referring now to Figure 21, a rotatable subscriber directional antenna 
according to an embodiment of the present invention is shown. Antenna housing 700 
includes base 730 from which extends cylindrical solid 732. Hollow cylindrical 

25 radome 734 is fitted onto cylindrical solid 732 so as to permit rotation of radome 734 
relative to base 730. A plurality of patch antennas 672 are affixed to the inside 
surface of radome 734. In the embodiment shown, patch antennas 672 have a 
plurality of configurations and are connected in parallel to controller cabling 704 
through traces not shown. Controller cabling 704 wraps around strain relief 736 and 

30 passes through hole 738 in cylindrical solid 732 before passing out of base 730. 
Controller cabling 704 then connects to RF interface 630 in interface housing 702. 
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Preferably, mechanical stops on base 730 or cylindrical solid 732 prevent rotation 
of radome 734 by more than 360°. As radome 734 is rotated, such as by a user or 
a servo motor not shown, control logic 658 monitors the signal strength or quality. 
Feedback may be provided, such as through an indicator or display. An LED 
5 display or analog needle display may be mounted on interface housing 702 for this 
purpose. 

Patch antennas 672 may be constructed on a flexible printed circuit as 
described with regards to Figure 20 above. The flexible printed circuit is then 
attached to the inside surface of radome 734. The inside surface of radome 734 and 
10 patch antennas 672 may also be formed to vary the elevational beam focus pattern, 
horizontal beam focus pattern, sensitivity, polarization, and other characteristics 
amongst patch antennas 672. In addition, electronics implementing portions of 
control logic 658 and RF interface 630 may be included on the flexible circuit. The 
indicator for signal strength or quality may then be incorporated into base 730. 

15 Referring now to Figure 22, a conceptualized drawing of an additional 

embodiment for a subscriber directional antenna is shown. Antenna housing 700 
includes hollow base 740 and attached hollow radome 742. Base 740 contains 
printed circuit board 744, which is connected to controller cabling 704 by connector 
746. Metal strip 748 and tap 750 extend from printed circuit board 744 into radome 

20 742 to form a reverse-F antenna, shown generally by 752, as is known in the art. 
Electronics on printed circuit board 744, shown generally by 754, implement at least 
a portion of control logic 658 and RF interface 630. Electronics 754 convert 
between broadband signals on antenna 752 and baseband information packets carried 
through controller cabling 704. Electronics 754 also determine a measure of signal 

25 strength or quality for display on LED indicators 756. In operation, a user rotates 
antenna housing 700 while watching LED indicators 756 to find the best orientation 
for antenna housing 700. 

Various alternative embodiments are possible. All electronics 754 and 
LED indicators 756 may be located in interface housing 702. In this case, controller 
30 cabling 704 carries broadband signals between antenna 752 to interface housing 702. 
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Also, antenna 752 may be mounted in a rotatable housing, such as is described with 
regards to Figure 21 above, to permit aiming antenna 752 without moving base 740. 

While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all 
5 possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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